ABSTRACT
Feasibility Study on Repair for Cranial Defect of Immaturity

İmmatürite Kraniyal Defekti Tamiri Fizibilite Çalışması
InTRoduCTIon
Cranial defects due to wounds, tumors, and other factors are significant pediatric concerns. Some of these cranial defects may need repair and reconstructive surgery. It is currently unclear whether repair of cranial defects during children's growth periods can result in harm or is associated with excessive surgical risks (2, 5, 12) . We developed an animal model for repair of cranial defects during animal growth periods and considered the effect of titanic repair materials on craniocerebral development.
EXPERIMEnTAL MATERIALS and METHodS
Repair Materials
Titanium mesh was selected as the repair material due to its compatibility with body tissues. A two-dimensional mesh configuration was selected for optimal traction.
Experimental Methods
Thirty two-month-old Seghers pigs were assigned to one of three groups: A. control group, B. defect group, and C. repair group. Defects were created for the latter two groups by creating a 5 × 5 cm defect ( Figure 1A) . A 5 × 5 cm defect was created and repaired using titanium in the repair group ( Figure 1B ). At 9 months of age, the pigs were sacrificed for analysis of defect and surgical repair sites.
Head Circumference Measurement
Head circumference was measured using vernier calipers. Measurements taken included: overall crania length (the distance from the centre of the most significant end of the two premaxillas to the bulge of the ultimate trailing edge at the top of the cranial bones); basicranial length (the distance from the centre of the most significant end of the two premaxillas to the ligature centre of the trailing edge of the right and left occipital condyle); base length (the distance from the centre of the most significant end of the two premaxillas to the centre of margo inferior of the foramen magnum); nasal bone width (the maximum width of the nasal bone); eye socket length (maximum eyepit length); distance between eye sockets (the distance between the leading edge of the right and left orbits, and the position corresponding to the tear duct); cheekbone width (the distance between the bulges at the outside of the two zygomatic arches).
Statistical Analysis
SPSS software (version, manufacturer, address) was used for all statistical analyses. Comparisons with p values < 0.005 were considered to be statistically significant.
RESuLTS
One pig in the defect group died due to craniocerebral injury and another died of an epileptic seizure. All other pigs survived until the completion of the experiment.
Observation on the New Bone in the Defect Area
The defect area was covered by new bone for all members of the defect group. Compared to the lamella of bones in control group, new bone in the defect areas was thinner and friable.
The diploic layer between the inside and outside lamellas in defect areas was unclear with indistinct boundaries. In addition, new bone in the repair and defect groups was fibrotic; there was fibrous proliferation with formation of bone matrix and osteoid tissue; new bone trabecula with uniform distribution, unevenness of shapes and thickness, and different degrees of maturity was evident; and there were numerous osteoblasts at the defect's boundary, which was indicative of new bone at the stage of reconstruction and molding. There were obvious differences between normal cranial bone and the bone formation in the defect areas (Figure 2A-C) .
Cerebral Pathology
There were no differences in histological observations between the groups ( Figure 3A-C) .
Morphological Measures
There were no differences in brain weight (p = 0.063) (Table II) , indexed brain circumference measurements (p = 0.066) (Table  I) , or body weights (p = 0.078) (Table III) between groups.
dISCuSSIon
Surgical repair of immature cranial defects has long been controversial. It has been speculated that guidelines for conducting these repairs should be based on the volume of the cranium and the size of the cranial defect. We established an animal model using 5 × 5 cm defects in immature (two months old) Seghers pigs to determine whether surgical repair could adversely affect cranial bone and brain development where there were severe lesions. There were no differences between the relative indices of control and repair group animals. In the defect group, there were deaths due to craniocerebral injury (n = 1) and an epileptic seizure (n = 1). The author infers from these results that reparative surgery for a pediatric cranial defect is necessary and feasible.
Our study demonstrated with immature experimental animals that the huge transformation of calvarial bone and brain volume (from two months old to 9 months old) was not an obstacle for repair of cranial defects. We used translucent parchment paper to visualize the cranial defects that we created, and documented that the 5 × 5 cm lesions (the maximum area for cranial defect repair) occupied 38% of the total area of crania of a 2-month-old Seghers pig. Previous experiments on juvenile animals demonstrated that repair of 3 × 3 cm cranial defects did not result in adverse effects (4, 7). However, it is likely that there is a threshold where defects are sufficiently large that repair would be harmful to the crania and brain development.
We created extensive cranial bone defects in two-monthold pigs to evaluate reparative surgery with titanium mesh in juveniles that are experiencing rapid growth. After seven months of observation, our analyses of several indices of cranial bone and brain tissue growth and development did not result in malformations or harmful impacts on normal development and growth. Histology indicated that the stainless steel mesh was closely integrated with the outer plate of cranial bone, indicating that it was biocompatible and had a degree of flexibility for supporting osteogenesis (8, 9) .
The author proposes that there are two means by which immature cranial bone defects can develop. One is expansion of cranial bones so that the volume of the cranial cavity is gradually increased. This could be associated with heredity and variations in intracranial pressure. Gradual increases in intracranial pressure may increase cranial bone growth, whereas stable intracranial pressure may result in cessation of cranial bone growth. The growth in the cranial cavity might be due to growth of wormian bones. The other concept to consider is development from the edge of a defect to the centre. In this experiment, a stainless steel screw was used at the edge of the defect for attaching the mesh. Traction due to the mesh could restrict normal cranial bone development. However, the cranial bones are organic biosomes that compensate for growth of cranial bone in defects (1, 3) . Therefore, new bone continuously extends, spreads, and grows from the edge of the defect area to the centre. Consequently, the screw for fixation has no impact on the development of cranial bones.
Repair of pediatric cranial defects can occur in early developmental phases (6, 12) . Justification for this includes aesthetically normal appearances of the skull, which allows children to have a normal social life. More importantly, cranioplasty can promote normal development of the nervous system and improve patient's quality of life. As a result, many scholars are advocating that repair and reconstruction of cranial bone defects occur as soon as possible in children (10, 11) , and this was supported by our results.
